Supporting Information ___________________________________________________________________________

S2
Supporting Information ___________________________________________________________________________
S3
H2SO4, for different initial cluster loadings. 
Supporting Information ___________________________________________________________________________
where Ns is the number of Si atoms per unit surface (Ns = 6.8 × 10 and a Si is the interplane distance perpendicular to the surface.
K, which includes X-ray excitation flux, the transmission and detection efficiencies of the analyzer, remains unchanged under identical experimental conditions. I Mo3d and I W4f were estimated using the total area under the Mo 3d ( Mo) or W 4f ( W) signal, respectively (eq 2 and 3).
where were determined.
S16
Determination of the turnover frequency (TOF)
The turnover frequency (in s 
where n H2 , n c , t and A are the number of evolved H2 moles, the number of active cluster sites (in mol cm -2 ), the electrolysis time and the surface area (in cm 2 ), respectively. 4, 5 The HER photocurrent densities j (in A cm -2 ) were determined from iR-corrected LSV curves and can be expressed as a function of n H2 according to
where Q H2 , ρ and F are the consumed charge during the production of H 2 moles, ρ is the faradaic efficiency and F is the Faraday constant (96485 C mol -1 ), respectively, considering that two moles of electrons are required to form one mole of H 2 .
From eq 6 and 7, it can be easily deduced:
In eq 8, n c was taken as the average of the cluster densities estimated from XPS and AFM data, for the optimized Mo3S4(acac-Bu)-and Mo3S4(AsW12)-modified photocathodes, respectively; ρ was assumed to be 100%, as experimentally verified from potentiostatic electrolysis tests in a Hoffman cell.
